Introduction
Serum ferritin is an iron-binding protein and is the target of the most sensitive and specific tests used for the identification of iron deficiency. 1, 2 In recent years, serum ferritin levels <30 ng/mL were considered to indicate iron deficiency even if the hemoglobin (Hb) content was within the reference range. In clinical practice, it is recommended that individuals with serum ferritin levels <40 ng/mL are considered iron deficient. 1 In the field of pediatrics and child psychiatry, reduced serum ferritin is known to be associated with sleep disorder due to restless legs syndrome (RLS), 3 attentiondeficit/hyperactivity disorder, 4 and tic severity. 5 For RLS, iron administration is recommended when serum ferritin is <50 ng/mL. 3 However, few studies have focused on serum ferritin itself to investigate the effect of reduced serum ferritin on psychological and physical symptoms of children.
This study evaluated psychiatric features of children with reduced serum ferritin concentration and elucidated the effect of iron administration on the psychological and physical symptoms of the children who visited outpatient clinic.
Methods

Subjects
This was a before-after study and conducted retrospectively. The Institutional Review Board for Clinical Research of the Tokai University School of Medicine approved this study (Reference #18R263). Study subjects were children aged 6 to 15 years who visited the outpatient clinic of the Department of Psychiatry at Tokai University School of Medicine from April 2016 to March 2017, with serum ferritin levels <50 ng/mL and started oral administration of iron during the study period. Furthermore, the study subjects were the patients who visited the outpatient clinic at least twice within 16 weeks or less from the commencement of iron administration. The last evaluation of a child included in this study was carried out in June 2017. Thirty-five subjects (23 boys) were included. Subjects who took drugs that may affect the psychological state at the start of iron administration, subjects with attention-deficit/hyperactivity disorder, 4 and subjects who had not measured the serum ferritin level within 16 weeks after iron administration were excluded. A total of 24 subjects were thus excluded. Among the remaining 11 subjects, 1 subject who started taking midodrine for orthostatic intolerance (OI) after iron administration was excluded. 6 In the end, 10 subjects were included in the study.
Measures
The primary endpoint was the Clinical Global Impression Severity (CGI). Two certified psychiatrists of the Japanese Board of Psychiatry evaluated the CGI retrospectively. CGI was used for children as well. [7] [8] [9] Moreover, some children were evaluated several times using a Japanese shortened version 10 Quality Index 13, 14 (PSQI) to evaluate the degree of improvement. POMS-S evaluated tension-anxiety (TA), depression-dejection (D), anger-hostility (AH), vigor (V), fatigue (F), and confusion (C). Standardized scores obtained by converting raw scores were used. Score 50 of each subcategory was the average value in general population. The standardized scores were adjusted by age. A conversion chart 10 targeting youth aged 19 years or younger was used. Higher scores indicated severer symptoms for all POMS-S subscales except "V." PSQI was used to assess subjective sleep quality. The cutoff point was 5.5, with higher scores indicating severe symptoms of insomnia. Since only children may have been insufficient to understand those scales, the assessment was conducted through discussion between the child and the parent. Several researches used POMS [15] [16] [17] or PSQI 18, 19 for assessment of children. The psychiatric diagnosis was carried out based on Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision. These evaluations within 16 weeks after iron administration were conducted around weeks 6 and 12. One subject evaluated POMS around weeks 10 and 16. Only the data of PSQI were assessed at baseline and 12 weeks.
Statistical Analysis
Continuous variables were presented as means and standard deviation. Categorical variables were compared using Fisher's exact test. Continuous variables were compared using the Mann-Whitney U test. To identify differences in scores between at baseline and approximate week 6 or week 12, a Wilcoxon's signed rank test was used. A P value <.05 was defined as significant. IBM SPSS Statistics version 20 for Windows was used for data analysis.
Results
The mean age of the 10 study subjects (5 boys) was 11.8 years. A comparison of the 10 study subjects and 25 subjects who were excluded demonstrated no significant differences in age, gender, Hb, mean corpuscular volume (MCV), or serum ferritin (data not shown). Most prevalent physical symptoms were fatigability (10 subjects) and insomnia (either difficulty falling asleep, arousal during sleep, or difficulty awakening in the morning; 9 subjects). None of the 10 study subjects had Hb of <12 g/dL at baseline. At baseline and week 12, the mean Hb was 13.6 g/dL and 13.4 g/dL, the MCV was 86.0 fL and 86.6 fL, and the mean serum ferritin concentration was 25.4 ng/mL and 58.2 ng/mL, respectively. Compared with the baseline, no significant differences were found in Hb or MCV, whereas significant increases were observed in the levels of serum ferritin (P = .002).
Six patients were diagnosed with adjustment disorder, 1 with social anxiety disorder, 1 with general anxiety disorder, 1 with separation anxiety disorder, and 1 with autism spectrum disorder. The number of the subjects with anxiety/tension (POMS-S-TA score was over 50), confusion (POMS-S-C score was over 50), or depression (POMS-S-D score was over 50) was 9, 8, and 7, respectively. Of 10 subjects, CGI was estimated for all the subjects at baseline, week 6, and week 12. POMS-S were administered to 9 subjects at baseline and at week 12, and 8 subjects at week 6. PSQI was assessed for 8 subjects at baseline and at week 12. The results of CGI, POMS-S, and PSQI are shown in the Figure 1 .
Eight out of 10 subjects took 50 to 100 mg iron orally during the observation period. Nausea was noted as an adverse event in 2 subjects. At week 12 after iron administration, 5 of the 6 subjects who refused to attend school displayed improvement or improvement trends. Four out of 10 subjects were diagnosed with OI at the pediatric department before visiting the department of psychiatry. None of the 4 subjects received drug treatment for OI at the start of iron administration.
Discussion
This is the first study to show that iron administration to children without anemia and with reduced serum ferritin (<50 ng/mL) improves symptoms such as anxiety, low concentration, depression, fatigability, and/or insomnia, as well as the CGI. Our results also suggest that 6 weeks of iron administration are not sufficient and at least 12 weeks of iron administration are necessary to improve these psychological states and CGI.
In this study, the most prevalent physical symptoms due to reduced serum ferritin levels were insomnia and fatigability. Although these symptoms are also observed in RLS, 3 no cases with RLS were confirmed in the medical information of our study subjects. However, we cannot rule out the possibility that RLS was missed in some participants of this study. Nevertheless, iron administration should be considered regardless of the presence or absence of RLS when insomnia is noted in subjects with 50 ng/mL or less serum ferritin.
Confusion (POMS-S-C) included the element of low concentration. In this study, anxiety/tension, low concentration, and depression were prevalent psychological symptoms of serum ferritin reduction. Iron is not only used for hemoglobin synthesis but also used for the regulation of neurotransmitters such as dopamine and serotonin, and as a cofactor for their production. 20, 21 These functions may be sufficient to explain the results of this study. Furthermore, fatigability and insomnia caused by chronic iron deficiency may have induced a state that is predisposed to anxiety, low concentration, and/or depression. In brief, for children with lower resilience to stress, fatigue, and insomnia caused by chronic iron deficiency may have triggered a decrease in resilience of children, thereby enhancing anxiety, low concentration, and depression. , P = .008). Regarding the Clinical Global Impression Severity (CGI), no significant decrease was observed at week 6, while there was a significant decrease at week 12 (P = .039). A significant decrease of the Pittsburgh Sleep Quality Index (PSQI) score was noted at week 12 (P = .016).
The study has limitations. First, it involves only a small number of subjects. Because professionals in the field of child psychiatry and pediatrics had little awareness of the effects of reduced serum ferritin levels on psychological symptoms, serum ferritin concentration was not measured on most occasions when patients visited the hospital, and it was difficult to retrospectively collect cases. Second, all self-rating scales used in this study were not targeted to children aged 6 to 15 years. In this study, each scale was evaluated through collaboration between the child and the parent, resulting in subjective and objective evaluations.
This study suggested that it was necessary to measure the serum ferritin levels of children with insomnia and/ or fatigability who visited the outpatient clinics regardless of their psychiatric diagnoses or gender. Serum ferritin levels are significantly reduced in children and adolescents who visit community mental health clinics. 22 In conclusion, iron administration to children with reduced serum ferritin could improve symptoms such as anxiety, low concentration, depression, fatigability, and/ or insomnia, as well as the state of daily activity. Both child psychiatrists and pediatricians should consider administering iron, even if the child does not have anemia, for at least 12 weeks regardless of the psychiatric diagnosis or gender, if the child presents with psychological symptoms, fatigability, and/or insomnia, and has reduced serum ferritin levels.
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